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SYMBOLS 
body-axis longi tudina l  acce le ra t ion ,  f t/sec2 




DME d i s t ance  from a i r p o r t ,  n. m i .  
yP 
~ G S  glide-slope e r r o r ,  deg 
%sIz. ~ G S  l imi ted  t o  M.6 ,  -1.0 
eloc l o c a l i z e r  e r r o r ,  deg 
elocR eloc l imi ted  t o  52.6" 
GS ground speed, knots 
32.2 f t / s e c 2  
HREF re ference  a l t i t u d e  
hp p i l o t  a l t i t u d e  above runway 
b wheel a l t i t u d e  above runway 
k C  a l t i t u d e  rate of t h e  cockpit ,  f t / s e c  
K1 12 - 0.2 t, K1 2 4 
K2 5 - 0.2 t ,  K2 2 
5 7 . 3  g 
1.69 TAS K3 
K5 (40 + 0.1 hp> (1 - &), K5 L 10 
L runway length,  nominally 10,000 f t  
R 85, d is tance  from cockpit  t o  a i r c r a f t  cen ter  of grav i ty  
S Laplace opera tor  












' c 3  
'c4 
'c5 
t i m e ,  i n  sec, a f t e r  middle marker passage s i g n a l  i n i t i a t i o n ;  t resets 
t o  0 a f t e r  i t  a t t a i n s  a value of 150 and remains 0 u n t i l  t h e  next 
occurrence of middle marker passage 
ind ica ted  speed, knots  
t a r g e t  a i r speed ,  knots 
angle of a t t a c k  a t  cockpit  l oca t ion  
8 - 0.17 (6F - 15) 
ILS g l idepa th  angle ,  deg; defined as a negative angle,  nominally -3" 
VIAS - VREF 
'c - 'REF 
$ - $R 
J, - lbS 
$T - $R 
f l a p  de f l ec t ion ,  deg 
p i t c h  a t t i t u d e ,  deg 
p i t c h  a t t i t u d e  rate, deg/sec 
0.4 sec (p i t ch  lead  t i m e  constant)  
1.0 see (a l a g  t i m e  constant)  
5 see 
0 . 6  sec 
5 sec 
0.1 sec  
bank angle,  deg 
a i r c r a f t  heading 
rate-of-change of $, deg/sec 
runway heading 
iv 
pi lo t  selected heading %3 
$T track of cockpit 
V 
A HEAD-UP DISPLAY FORMAT FOR APPLICATION TO 
TRANSPORT AIRCRAFT APPROACH AND LANDING 
Richard S. Bray 
Ames Research Center 
INTRODUCTION 
This r epor t  descr ibes  i n  d e t a i l  an e l e c t r o n i c  f l i g h t  guidance d isp lay  
format developed a t  Ames Research Center f o r  use i n  simulator s t u d i e s  of t h e  
app l i ca t ion  of head-up d isp lays  (HUD) t o  t h e  approach and landing of c i v i l  
t r anspor t  a i r c r a f t .  
desc r ip t ive  re ference  f o r  use i n  t h e  repor t ing  of t h e  inves t iga t ions .  
assessment of t h e  p a r t i c u l a r  v i r t u e s  o r  l i m i t a t i o n s  of t h e  format i s  included 
here;  however, i t s  design r e f l e c t s  i terative subjec t ive  and ob jec t ive  assess- 
ment i n  f l i g h t  simulation, and i t  has  successfu l ly  f u l f i l l e d  i t s  intended 
ob j ec t ive .  
The primary ob jec t ive  of t h i s  paper i s  t o  provide a f u l l y  
No 
The d isp lay  format i s  designated HUD55 t o  i d e n t i f y  i t  among a number of 
HUD formats c rea ted  a t  Ames Research Center i n  t h e  course of t h e  HUD program. 
The d isp lay  i s  intended t o  provide complete f l i g h t  guidance information ( a t t i -  
tude, speed, and navigation) f o r  terminal area maneuvering, landing, and 
takeoff .  I n  i t s  primary configuration, i d e n t i f i e d  as HUD55A, t h e  d isp lay  
format assumes t h e  a v a i l a b i l i t y  of i n e r t i a l l y  derived ground-track information. 
HUD55B, which u t i l i z e s  t h e  same disp lay  elements, does not u t i l i z e  t h i s  
assumption. 
sketches. The v a r i a t i o n s  t h a t  descr ibe  HUD55B are defined a t  t h e  end of t h e  
paper. 
HUD55A is t h e  primary subjec t  of t h e  following paragraphs and 
GENERAL DESCRIPTION 
Concept 
The displayed information is presented i n  a t o t a l  field-of-view measuring 
a t  least 24" wide and 18" high. 
a x i s ,  t h i s  f i e l d  i s  d i s t r i b u t e d  symmetrically i n  t h e  ho r i zon ta l  plane,  and 
depressed 6" i n  t h e  v e r t i c a l  plane. 
formal"; t h a t  is, elements of t h e  d isp lay  t h a t  r e f l e c t  changes i n  a i r c r a f t  
a t t i t u d e  move a t  t h e  s a m e  angular s ca l ing  as do t h e  ou t s ide  v i s u a l  references,  
and some d isp lay  elements are intended t o  overlay e a r t h  references.  An indi- 
ca t ion  of t h e  d i r e c t i o n  of t h e  a i r c r a f t ' s  instantaneous f l i g h t p a t h ,  referenced 
t o  t h e  longi tudina l  a x i s  of t h e  a i r c r a f t  (and thus t o  p i t c h  and d i r e c t i o n a l  
re ferences ,  as w e l l  as t o  t e r r a i n  references) i s  a p r i n c i p a l  element of 
HUD55A. The d isp lay ,  as it  might appear during t h e  f i n a l  s t ages  of a low- 
v i s i b i l i t y  approach, i s  i l l u s t r a t e d  i n  f i g u r e  1. 
About t h e  a i rp l ane ' s  longi tudina l  re ference  
The d isp lay  is  designed t o  be "con- 
Sensor Requirements 
The b a s i c  d isp lay  is designed t o  be operated i n  an a i r c r a f t  equipped wi th  
a f u l l  i n e r t i a l  navigation system (INS) providing a t t i t u d e ,  ground t r ack ,  and 
speed information. 
required f o r  t h e  mechanization of a high-response, vertical speed measure used 
i n  t h e  d e f i n i t i o n  of t h e  " f l i gh tpa th  angle." Electrical s igna l s  from an air- 
d a t a  system, represent ing  ind ica ted  airspeed, t r u e  airspeed, and barometric 
a l t i t u d e  and a l t i t u d e  rate, are required.  Navigational information displayed 
can include ILS g l i d e  s lope  and l o c a l i z e r  (or  VOR), marker beacon, r ad io  
a l t i t u d e ,  and DME. 
Vertical acce le ra t ion  measurements from t h e  INS are 
Manual s e t t i n g s ,  a v a i l a b l e  t o  t h e  d isp lay  computer, include: 
(1) Runway heading 
(2) "Target" a i r speed  
(3) Runway a l t i t u d e  
( 4 )  "Reference" a l t i t u d e  (assigned minimum descent a l t i t u d e  (MDA) o r  
dec is ion  he ight  (DH)) 
(5) ILS glide-slope angle 
( 6 )  Selected heading 
For HUD55B (which does not include i n e r t i a l  v e l o c i t y  information) pre- 
cise naviga t iona l  da ta  represent ing  t h e  earth-referenced t r a c k  of t h e  a i r c r a f t  
are unavailable;  thus,  t h e  f l i g h t p a t h  heading, relative t o  a i rp l ane  heading, 
cannot be e x p l i c i t l y  displayed. Described i n  a later sec t ion  is  t h e  procedure 
f o r  der iv ing  an approximation of t h i s  measure when a VOR o r  l o c a l i z e r  is  being 
tracked. Also, a measure of ground speed, necessary f o r  t h e  determination of 
climb o r  descent angle ( v e r t i c a l  f l i g h t p a t h ) ,  is unavailable;  thus,  an  approx- 
imation based upon t r u e  a i r speed  is  accepted. The d isp lay  formats of 55A and 
55B are e s s e n t i a l l y  t h e  same and are opera t iona l ly  similar, but f a m i l i a r i t y  
wi th  t h e  consequences of t hese  approximations contained i n  55B is  important t o  
i t s  most e f f i c i e n t  use. 
DISPLAY DETAILS 
Aircraft-Fixed Elements 
Those d i sp lay  elements which are f ixed  i n  re ference  t o  t h e  "frame" of t h e  
d isp lay  (and t o  t h e  a i r c r a f t  a x i s )  are: 
(1) A i r c r a f t  re fe rence  symbol 
(2) DME reading 
2 
(3)  Marker beacon passage annunciation 
( 4 )  "L imi t  angle-of -a t tack  l i ne"  
These are s i t u a t e d  as shown i n  f igu re  2 .  I t e m s  (3) and ( 4 )  appear only under 
spec ia l  conditions defined later.  
A t t i t ude  References 
The presenta t ion  of r o l l ,  p i t ch ,  and heading i s  shown i n  f i g u r e  3 f o r  t he  
case where runway heading o r  s e l ec t ed  course i s  ind ica ted  by the  sho r t  verti- 
c a l  l i n e  centered i n  a break i n  t h e  horizon l i n e .  
6"  above t h e  horizon and a heading of 087", 3" l e f t  of t h e  preset runway head- 
ing of 090". 
with respect t o  the  se l ec t ed  course ind ica t ion ,  bu t  t h e  1" markers above t h e  
horizon are posit ioned t o  ind ica t e  se l ec t ed  heading o r  t o  provide a special- 
ized ILS o r  VOR guidance function described later. 
Shown i s  a p i t c h  angle of 
Generally, t h e  p i t c h  i n t e r v a l  markers are or ien ted  l a t e r a l l y  
F l igh tpa th  Symbol Array 
A s  ind ica ted  earlier, t h e  d i sp lay  f e a t u r e s  a symbol t h a t  def ines  the  
d i r e c t i o n  of t h e  instantaneous f l i g h t p a t h  of t he  a i r p l a n e  relative t o  the  
longi tudina l  a x i s  of t h e  a i rp l ane  and t o  i n e r t i a l  (ear th)  references.  This is  
intended f o r  use as the  primary cont ro l led  element of t h e  d isp lay ,  and allows 
t h e  p i l o t  t o  d i r e c t l y  con t ro l  h i s  longi tudina l  f l i g h t p a t h  and t r a c k  r a t h e r  
than i n d i r e c t l y  con t ro l  them through the  more conventional con t ro l  of p i t c h  
a t t i t u d e  and heading. Taking advantage of t h e  f l e x i b i l i t i e s  inherent i n  a CRT 
format, speed and a l t i t u d e  d isp lay  elements are arrayed with t h e  f l i g h t p a t h  
symbol t o  minimize the  v i s u a l  f i e l d  encompassing a l l  of t h e  continuously con- 
t r o l l e d  f l i g h t  parameters. The f l i g h t p a t h  symbol and r e l a t e d  elements are 
described i n  f i g u r e  4 and are shown i n  the  context of a i r c r a f t  a t t i t u d e  i n  
f i g u r e  5. 
Flightpath symbo2.- A s  i l l u s t r a t e d  i n  f i g u r e  4 ,  t h i s  d i sp lay  element i s  a 
circle with "wings" def lec ted  27" down from t h e  ho r i zon ta l  and terminating i n  
s h o r t  hor izonta l  "wing t i p s . "  The center  of t he  circle def ines  t h e  d i r e c t i o n  
of t h e  f l i g h t p a t h .  
a i r c r a f t .  When it  is  represent ing  t h e  i n e r t i a l  ve loc i ty  vec tor ,  i t s  lateral  
and vertical  pos i t i ons  wi th in  t h e  d isp lay  frame are defined with respec t  t o  
t h e  e a r t h  re ference  system symbolized by t h e  horizon and heading scale. I n  
c e r t a i n  f l i g h t  conditions,  l a r g e  displacements of t h i s  symbol away from the  
f ixed  a i r c r a f t  re fe rence  are poss ib le .  
and 28' l a t e r a l l y .  
The symbol remains f ixed  i n  r o l l  wi th  re ference  t o  t h e  
These are l imi ted  t o  -14" v e r t i c a l l y  
Indicated airspeed.- A d i g i t a l  p resenta t ion  of indicated a i r speed  is  
loca ted  outboard and below t h e  l e f t  "wing t i p "  of t h e  f l i g h t p a t h  symbol. 




Speed error.- Deviation i n  ind ica ted  a i r speed  from a p rese t  t a r g e t  speed 
is displayed by a tape  extending v e r t i c a l l y  from t h e  l e f t  t i p  of the f l i g h t -  
pa th  symbol, upward f o r  " fas t , "  a t  a s c a l i n g  of 1" subtended visual angle f o r  
4 knots e r r o r .  An a l t e r n a t i v e  mechanization re ferences  t h i s  e r r o r  i nd ica t ion  
t o  a t a r g e t  angle of attack. I f  speed is  more than 5 knots  below t a r g e t ,  t h e  
tape  i s  f lashed  a t  4 cycles/sec.  
Acceleration along flightpath.- Referenced t o  t h e  l e f t  t i p  of t h e  f l i g h t -  
pa th  symbol i s  an ind ica t ion  of t h e  rate-of-change of speed of t h e  a i r c r a f t .  
The s igna l  used t o  d r i v e  t h i s  symbol combines, by complementary f i l t e r i n g ,  
i n e r t i a l  acce le ra t ion  (high frequency) and rate-of-change of ind ica ted  air- 
speed (low frequency). Appropriate s ca l ing  of the de f l ec t ion  of t h i s  symbol 
(approximately 3" subtended angle per  knot-per-sec) allows i t s  i n t e r p r e t a t i o n  
as an ind ica t ion  of t h e  f l i g h t p a t h  angle that can be  maintained, a t  constant 
speed, a t  t h e  a i r c r a f t ' s  cu r ren t  t h r u s t  and configuration. Some previous 
mechanizations using t h i s  s ca l ing  concept have been termed "po ten t i a l  
f l i gh tpa th .  " 
Altitude.- A d i g i t a l  readout of a l t i t u d e  i n  f e e t  is loca ted  t o  t h e  r i g h t  
of and below t h e  r i g h t  t i p  of t h e  f l i g h t p a t h  symbol. 
during s e t t i n g  of t a r g e t  a l t i t u d e ,  t h e  d i g i t s  read t a r g e t  a l t i t u d e .  It is  
proposed t h a t  i n  normal operation t h e  d i g i t a l  readout represents  main gear 
a l t i t u d e  above t h e  t e r r a i n  when t h i s  value i s  less than 200; otherwise, t h e  
d i g i t s  represent  barometric a l t i t u d e  derived from a i r  da t a  r e f l e c t i n g  QNH 
altimeter s e t t i n g .  I n  t h i s  la t ter  case, t h e  least count of t h e  ind ica t ion  is 
10, and t h e  las t  d i g i t  i s  replaced by t h e  l e t te r  "0." 
Upon in t e r roga t ion  and 
SeZected cowse.- I f  t h e  se l ec t ed  course (runway heading) is out  of t h e  
field-of-view, i t s  d i g i t a l  representa t ion  appears d i r e c t l y  under the  f l i g h t p a t h  
symbol. 
Navigation Elements 
VOR/loeaZizer navigation.- A i r c r a f t  pos i t i on  relative t o  t h e  approach (or  
VOR) course i s  indicated by t h e  symbol shown i n  f i g u r e  6. 
is  propor t iona l  ( a t  a given range from s t a t i o n )  t o  t h e  ho r i zon ta l  d i s t ance  
between t h e  re ference  heading and the symbol segments shown. 
t h e  a i r c r a f t  is l e f t  of course and on a converging heading. 
f i xed  v e r t i c a l l y  with re ference  t o  t h e  horizon, i t s  center  element depressed 
below t h e  horizon by an angle equal t o  t h e  ILS glide-slope angle. Lateral 
de f l ec t ion  of t h e  symbol is  l imi ted  t o  +lo" from the  re ference  a x i s  of t h e  
d isp lay .  If t h e  d i f f e rence  between a i r c r a f t  and re ference  heading is  g r e a t e r  
than 10" and/or l o c a l i z e r  e r r o r  i s  g rea t e r  than 0.4" a "course l i ne"  symbol 
( f i g .  7) appears. This l i n e  o r i g i n a t e s  a t  t h e  horizon a t  runway heading (but 
l imi t ed  t o  210" from d i sp lay  center )  and is  def lec ted  r i g h t  o r  l e f t  from the 
perpendicular t o  t h e  horizon propor t iona l ly  t o  t h e  displacement from course. 
I n  t h e  case shown, t h e  a i r c r a f t  is  converging t o  a 90" course on a heading of 
075". I f  t h e  heading w e r e  maintained, t h e  " loca l izer"  symbol would move from 
l e f t  t o  r i g h t  seeking i t s  zero-error pos i t i on  coincident with t h e  runway 
Distance from course 
I n  the  example, 
This symbol is 
4 
heading ind ica t ion  (out of v i e w  t o  t h e  r i g h t )  and t h e  "course l i ne"  would 
swing toward the  perpendicular t o  the  horizon t h a t  would be seen a t  course 
crossing . 
ILS gZide sZope.- I n  f i g u r e  8 ,  t he  ind ica t ion  of e r r o r  from t h e  ILS g l i d e  
s lope  is  added i n  the  form of a s m a l l  circle and two hor i zon ta l  l i n e  segments 
centered l a t e r a l l y  on the  l o c a l i z e r  symbol. Er ror  from t h e  ILS gl idepa th  i s  
propor t iona l  ( a t  a given range from s t a t i o n )  t o  t h e  vertical d i s t ance  between 
t h e  "glide-slope symbol" and i t s  zero-error re ference  defined by t h e  s h o r t  
dashes i d e n t i f i e d  as t h e  p i t c h  angle re ference  equal t o  t h e  ILS gl idepa th  
angle. I f  t h e  a i r c r a f t  i s  above the  ILS glidepath,  t h e  g l i d e  s lope  symbol 
appears below t h i s  reference,  as shown i n  f i g u r e  8. 
Runway symboZ.- ILS measures and a l t i t u d e  above t h e  runway are used t o  
def ine  the  shape and pos i t i on  of a symbolic representa t ion  of t h e  runway. 
a l l  measures are accura te ,  this symbol w i l l  overlay t h e  runway as seen i n  VMC. 
I n  f i g u r e s  9 and 10, several conf igura t ions  of combined ILS and runway symbols 
are shown, represent ing  d i f f e r e n t  pos i t i ons  of t h e  a i r c r a f t  relative t o  t h e  
ILS approach path. These sketches are intended t o  demonstrate t h e  ob jec t ive  
of t h e  l o g i c  and sca l ing  of t h e  l o c a l i z e r  and glide-slope symbol de f l ec t ions .  
A s  an analog of an e x t e r i o r  view, t h e  i n t e r s e c t i o n  of t hese  symbols, denoted 
by t h e  c i r c l e ,  can be  perceived as an  objec t  on t h e  ILS approach pa th  some 
d i s t ance  ahead of t h e  viewer's a i r c r a f t .  
b o l  a r r ay  i s  added i n  i l l u s t r a t i o n  of t h e  normal mode of con t ro l l i ng  t h e  
ILS approach. I f  t h e  f l i g h t p a t h  of t h e  a i r c r a f t  is  d i r ec t ed  a t  t h e  i n t e r -  
s ec t ion  circle, a p u r s u i t  course converging on t h e  ILS pa th  w i l l  be flown. 
The u l t imate  r e s u l t  w i l l  be t h e  condition i l l u s t r a t e d  i n  f i g u r e  12 i n  which 
t h e  viewer's a i r c r a f t  can be  perceived as being i n  t r a i l  behind t h e  circle,  on 
t h e  ILS path  toward t h e  runway. 
t i o n  as t h e  a i r c r a f t  descends below "decision height.' '  
I f  
I n  f i g u r e  11, t h e  f l i g h t p a t h  sym- 
The runway symbol is  removed as an  annuncia- 
An earlier paragraph indica ted  a need t o  l i m i t  t h e  freedom of lateral 
movement of t h e  f l i g h t p a t h  symbol t o  28". 
d i f f e rence  between t h e  l imi ted  and unlimited symbol de f l ec t ions  is applied t o  
t h e  la teral  pos i t ion ing  of a l l  t h e  ILS guidance elements except t h e  runway 
symbol. 
guidance l o g i c  i n  t h e  "limited" case. 
When such l i m i t i n g  occurs, t h e  
This mechanization provides a continuation of t h e  "follow-the-leader" 
Reference aZtitude symbo2.- I n  HUD conf igura t ions  no t  d i sp lay ing  ILS 
glide-slope information, t h e  symbol i l l u s t r a t e d  i n  f i g u r e  13 is ava i l ab le  f o r  
u se  i n  t h e  annunciation and capture  of a prese lec ted  t a r g e t  a l t i t u d e .  The 
d i s t ance  of t h e  symbol below the  horizon is propor t iona l  t o  t h e  a i r c r a f t ' s  
a l t i t u d e  above t h e  re ference  a l t i t u d e .  I n  t h e  i l l u s t r a t i o n ,  t h e  a i r c r a f t  i s  
descending on a 5" f l i g h t p a t h  (-1000 fpm) toward a t a r g e t  a l t i t u d e  (IDA) of 
450 f t .  Tracking t h e  symbol with t h e  f l i g h t p a t h  symbol w i l l  r e s u l t  i n  a f l a r e  
to level f l i g h t  a t  450 f t .  
behind another a i r c r a f t ,  but t h i s  time it  i s  i n  level f l i g h t .  
Again i s  seen t h e  analogy of f l y i n g  i n  t r a i l  
Ground pro&mity symbol.- A symbol similar i n  geometry and operating 
p r i n c i p l e  t o  t h a t  of t h e  previous paragraph is  provided as a landing f l a r e  
guide. I n  t h i s  case, t h e  symbol is  displayed below t h e  horizon a t  a d i s t ance  
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propor t iona l  t o  r ad io  a l t i t u d e  measurement of main gear he ight  above t h e  run- 
way. I n  f i g u r e  14, t h e  symbol is shown r i s i n g  from t h e  bottom of t h e  d i sp lay  
as f l a r e  a l t i t u d e  is  approached. I n  f i g u r e  15, t h e  " f la re"  symbol is  being 
tracked s h o r t l y  before touchdown. 
OPERATIONAL PROCEDURES 
The opera t iona l  use of t h e  d isp lay  i n  an ILS approach is  demonstrated i n  
f i g u r e s  16 through 23, which are photographs taken during simulator tests of 
t h e  display. I n  f i g u r e  16, t h e  p i l o t  is  maintaining an a l t i t u d e  of 1500 f t  
by f l y i n g  t h e  f l i g h t p a t h  symbol on t h e  horizon. 
i n t e rcep t  heading of 155" toward t h e  ILS l o c a l i z e r  assoc ia ted  with a runway 
having a heading of 090'. The DME reading ind ica t e s  he is  9.3 m i  from sta- 
t i o n ,  which i n  t h i s  case i s  a t  the  a i r p o r t .  Acceleration and speed-error 
i nd ica t ions  show a steady speed about 10 knots above t h e  reference.  For t h i s  
series of photographs, t h e  opt ion  t o  use angle of a t t a c k  as t h e  "speed-error" 
re ference  is being exercised, and the extension of t h e  tape  r ep resen t s  a nega- 
t ive angle-of-attack increment corresponding t o  a 10-knot speed surplus.  The 
glide-slope s i g n a l  i s  being received, as indica ted  by t h e  presence of t h e  sym- 
b o l  near t h e  top of the display. It should be pointed out t h a t  the runway is 
a t  sea-level e leva t ion ;  thus,  t h e  barometric a l t i t u d e  shown corresponds t o  
a l t i t u d e  above t h e  runway. 
H e  is  t racking  a present  
I n  f i g u r e  17 ,  t h e  a i r p l a n e  is i n  a loca l i ze r - in t e rcep t  turn.  A s  t he  
l o c a l i z e r  e r r o r  w a s  reduced below 2.5", t h e  l o c a l i z e r  symbol moved l e f t  from 
i ts  p rese t  i n t e r c e p t  heading pos i t ion .  The p i l o t  pursues the  l o c a l i z e r  sym- 
b o l  while maintaining h i s  des i red  a l t i t u d e .  
speed t o  be decreasing a t  about 0.5 knots/sec. 
H i s  a cce l e ra t ion  symbol shows 
In f i g u r e  18, convergence on t h e  l o c a l i z e r  i s  nearing completion and t h e  
The glide-slope symbol is descending, runway symbol i s  i n  t h e  field-of-view. 
ind ica t ing  an imminent c ross ing  of t h e  g l i d e  slope. 
Figure 19 shows t h e  a i r c r a f t  on l o c a l i z e r ,  on course, i n  l e v e l  f l i g h t  
The f l a p s  have been lowered t o  
j u s t  s l i g h t l y  below t h e  ILS g l i d e  slope.  This is  t h e  optimum moment t o  i n i -  
t i a te  t h e  pushover t o  t h e  3" descent path. 
f i n a l  approach configuration, r e s u l t i n g  i n  t h e  reduction of t h e  t a r g e t  speed 
t o  t h a t  corresponding t o  t h e  re ference  angle of a t t ack .  
Figure 20 i s  a conf igura t ion  of t he  d isp lay  represent ing  t h e  s t a b i l i z e d  
on-localizer,  on-glide-slope s i t u a t i o n  t h a t  i s  sought and e f f ec t ed  by d i r e c t -  
i ng  t h e  f l i g h t p a t h  symbol t o  t h e  l o c a l i z e r  and glide-slope symbols. The air- 
c r a f t  i s  " in  trail" behind t h e  i n t e r s e c t i o n  circle. Note t h a t  t h e  a i r c r a f t  
heading is  l e f t  of t h e  a i r c r a f t  track, i n  t h i s  case t h e  r e s u l t  of a cross- 
wind component from t h e  l e f t .  
I n  f i g u r e  21 t h e  a i r p l a n e  has j u s t  passed t h e  middle-marker pos i t i on  one- 
ha l f  m i l e  s h o r t  of t h e  runway threshold.  The runway symbol overlays the  run- 
way which i s  j u s t  becoming v i s i b l e .  Within a second a f t e r  t h i s  s i t u a t i o n ,  the 
6 
runway symbol disappears,  i nd ica t ing  descent through "decision height." For 
t h e  remainder of t h i s  approach, r ad io  a l t i t u d e  is indicated.  
Figure 22 shows t h e  a i r p l a n e  descending toward f l a r e  i n i t i a t i o n  a l t i t u d e  
and t h e  ground-proximity symbol r i s i n g  i n  t h e  d isp lay ,  while i n  f i g u r e  23 t h e  
ground-proximity symbol is  being tracked i n  t h e  landing f l a r e .  
I n  f i g u r e s  24 through 2 8 ,  a localizer-only "nonprecision" approach is  
demonstrated. From t h e  approach f i x  ( i n  t h i s  case, t h e  outer  marker beacon), 
a 5" descent i s  flown t o  "minimum descent a l t i t u d e  (IDA)," which i n  t h i s  
approach w a s  set a t  440 f t .  I n  f i g u r e  24,  t h e  t a r g e t  a l t i t u d e  symbol i s  shown 
r i s i n g  toward t h e  f l i g h t p a t h  symbol. Tracking t h e  l ine-pa i r  produces the  con- 
vergence on MDA shown i n  f igu re  25. Level f l i g h t  i s  continued u n t i l  t h e  
intended touchdown area i s  near ly  3" below t h e  d isp lay  horizon as shown i n  
f i g u r e  26. A descent i s  i n i t i a t e d  with t h e  f l i g h t p a t h  symbol aimed a t  the  
touchdown area ( f i g .  2 7 ) .  
t o  maintain the  touchdown poin t  on t h e  runway depressed 3" below t h e  horizon. 
Again, f l a r e  a l t i t u d e  i s  being approached i n  f i g u r e  28. 
Adjustments are made i n  t h e  f l i g h t p a t h  as necessary 
The p i l o t  has t h e  option t o  switch a t  any t i m e  between t h e  f u l l  d i sp lay  
and a much s impl i f ied  vers ion  which may be q u i t e  adequate i n  t h e  v i s u a l  seg- 
ment of some approaches. The "decluttered" vers ion  is  i l l u s t r a t e d  i n  
f i g u r e  29. 
I n  f i g u r e  3 0 ,  t h e  d isp lay  is seen i n  t h e  climb-out from a take-off o r  
go-around. 
10" f l i gh tpa th .  
f l i g h t p a t h  is  ra i sed  t o  a shallow climb. 
i t s  t a r g e t  speed, t h e  f l i g h t p a t h  i s  brought up t o  t h e  steady-speed climb angle 
ind ica ted  by t h e  acce le ra t ion  symbol. 
I n  t h i s  case, a landing-weight a i r c r a f t  is  climbing away on a 
I n  t h e  go-around procedure, climb t h r u s t  is  applied as t h e  
A s  t h e  a i r p l a n e  accelerates t o  near 
The d isp lay  is  seen i n  f i g u r e  31 as i t  might appear i n  an approach t o  a 
dec is ion  he ight  of 50 f t  i n  a condition of 700 f t  runway v i s u a l  range. 
Figure 32 i l l u s t r a t e s  an approach i n  a cross  wind of such s t r eng th  t h a t  
t h e  r e s u l t a n t  crab angle places t h e  runway symbol outs ide  the  field-of-view 
of t h e  display. A s  shown, t h e  lateral  displacements of t h e  f l i g h t p a t h  symbol 
and t h e  l o c a l i z e r  l i n e  are l imi t ed  and do not  overlay t h e  runway, even though 
t h e  a i r c r a f t  i s  on course as ind ica ted  by t h e  alignment of t h e  l o c a l i z e r  l i n e  
wi th  t h e  displaced runway heading t i c  on t h e  horizon. 
of f i g u r e  33,  t h e  c ros s  wind had reduced t o  about 22 knots,  and t h e  runway 
symbol is  seen overlaying t h e  runway. 
A t  t he  lower a l t i t u d e  
SYMBOL GEOmTRY AND POSITIONING LOGIC 
HUD55A 
The d i sp lay  conta ins  20 elements, o r  element sets, which i n  t h i s  descrip- 
Provisions f o r  "blanking" t i o n  are assigned numbers f o r  convenient reference.  
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each element ind iv idua l ly  should be included i n  t h e  mechanization of t h e  d i s -  
play. 
remain f ixed  i n  t h e  d isp lay  ' f r ame . "  
i n i t i a l l y  i n  the  same reference  system but are then "rolled" about t h e  d i sp lay  
re ference  pos i t i on  by an  angle equal and opposite t o  a i r c r a f t  angle of bank. 
A l l  dimensions r e f e r  t o  subtended v i s u a l  angle i n  degrees. 
The pos i t i ons  of elemats 1 through 8 are defined i n  coordinates t h a t  
The remaining elements are defined 
I .  Aircraf t  reference.- The apex of t h i s  symbol, shown i n  f i g u r e  34 ,  
def ines  t h e  o r i g i n  of t h e  pos i t i on  re ferenc ing  system. 
a i r c r a f t  o r  i t s  simulation, t h i s  o r i g i n  i s  s i t u a t e d  15" above t h e  bottom edge 
of t h e  d isp lay  frame and i s  centered l a t e r a l l y  i n  t h e  frame. 
For use with t h e  727 
2. DME.- The readout i s  shown i n  f i g u r e  34; read m i l e s  and t en ths  when 
below 10 m i  (e l imina te  decimal above 9.9 mi). 
3. 
appears f l a sh ing  a t  4 Hz f o r  t h e  dura t ion  of t h e  s i g n a l  i n  t h e  pos i t i on  shown 
i n  f i g u r e  34. 
Marker beacons.- A t  marker beacon passage, t h e  appropr ia te  0 o r  M 
3a. Angle-of-attack l i m i t .  - Positioned as shown, t h i s  symbol appears 
f l a sh ing  a t  4 Hz when t h e  pos i t i on  of t h e  f l i g h t p a t h  symbol ( 4 )  i s  more than 
10" below t h e  a i r c r a f t  re fe rence  ( 1 )  
4. FZightpath.- The pos i t i on  of t h i s  symbol is  a l s o  the  re ference  f o r  
elements 5 through 8, as shown i n  f i g u r e  35.  
symbol circle is  defined as 
The cen te r  of t h e  f l i g h t p a t h  
y, = N s i n  $ + (yHm - B)cos $ , Y4 >_ -13 
YHUD 
yC 
5. Airspeed. - 
every 300 msec. I n  
6. AZtitu.de. - 
C 
k 
1.69  GS = tan-' 
Indicated airspeed readings are updated approximately 
t h e  presence of a d i s c r e t e  s igna l ,  numerals i nd ica t e  VREF. 
Al t i t ude  readings are updated approximately every 300 m s e c .  
I f  
d i g i t  i s  replaced by t h e  let ter "0." I f  h, 200, t h e  reading represents  
&, including t h e  u n i t s  d i g i t .  
i n d i c a t e  a designated re ference  a l t i t u d e ,  HREF. 
h, > 200, reading represents  QNH a l t i t u d e  above sea level, and t h e  u n i t s  
I n  t h e  presence of a d i s c r e t e  s i g n a l ,  numerals 
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6a.- Selected course.- The se l ec t ed  course QR appears as shown only if 
l A $ l  > 11.5. 
7. Speed (or angle-of-attack) error.- The p o s i t i o n  of t h e  f r e e  end of 
t h e  ribbon is  defined as 
X, = y 4  - 1.125 
AV 
4 y7 = yq - 0.5 + -  
o r ,  f o r  angle-of-attack e r r o r  
Ribbon f l a s h e s  a t  4 Hz when downward extension exceeds -1.25. 
8. Acceleration along f l ightpath (potential f Zightpath) . - The pos i t i on  
of t h e  apex i s  defined as 
xe = x4 - 1.5 
- 0.5 - e(+%) += A 
Y e  = Y4 
l i m i t  (a - g s i n  0) s 1.7 
XP 
9. Horizon.- The coordinates of t h i s  and t h e  remaining elements and t h e  
symbols themselves " ro l l "  opposite t o  a i r c r a f t  bank angle 9. Coordinates 
given here r e f e r  t o  9 = 0. The horizon l i n e  is  shown i n  f i g u r e  36. A l l  
coordinate d e f i n i t i o n s  inc lude  $ and 8 ,  measures of heading and p i t c h  a t t i -  
tude. Coordinates of t h e  horizon, a t  runway heading (or  s e l ec t ed  course),  are 
y g  = -e 
10. Heading scale.- Associated with t h e  horizon, and repeated 11" higher ,  
are the  heading scale and markers shown i n  f i g u r e  36. 
11. Pitch scale.- The geometry of t h i s  element set i s  defined i n  f ig-  
u r e  37. 
i s  
The loca t ion  of t he  o r i g i n  f o r  a l l  bu t  t h e  1"  marks above t h e  horizon 
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xll = xg  = -A$ 
Y 1 1  = Y 9  = -8 
For t h e  1' marks: 
I n  t h e  absence of an ILS l o c a l i z e r  s i g n a l ,  o r  i f  I eloc I > 2.5", t h e  
lateral pos i t i on  of t h e  1' marks is  defined as 
X l l a  = -NJs Y E m i t  lXl la  I - < 20 
A$s = lJ - lJs 
$ s  = p i l o t  se lec ted  heading 
With a v a l i d  
I f  x l l a  > 11, add d i g i t a l  readout of $ s  a t  
I eloc I 5 2 . 5 O  , x l l a  = X 1 4  ; (see i t e m  14) 
x = 9 ,  y 2.5 - 8 
I f  x l l a  < -11, show d i g i t a l  reading a t  
x = - 9 ,  y = 2 . 5 - e  
12. Course l i n e . -  The geometry i s  indica ted  i n  f i g u r e  38. The upper 
end of t h e  l i n e  is  defined as 
x12 = N - A$ , l i m i t  Ix12 I < 10 
T T T 
The lower end: 
a 
x12B = x12 T - 3.5.- b 
y12B = -(3.5 + e )  
10 
12a. Runway (course) heading. - 
T x12 = x12 a 
13. Runway.- Center of threshold is 
A+ X13 = - -  
ca 
b 
, limit c 2 -20 hP 
[ - Y G S / ( e G S a  - YGS)] hp + 'Oo0 tan YGS 
Width of threshold: 





the array is: 
Localizer line.- Geometry is indicated in figure 39; the center of 
- 
y14 - yGS - 
> 2.5: 
xi4 = -A+S , limit 1x141 5 20 
2.5: 
xi4 = K, elocR - A + ~  + N , limit IxI41 s 10 
15.  Glidepath line.- The center of the element set is: 
x15 = x14 
- 8  - Y15 - YGS - K2 eGSR 
16. Glidepath c i rc l e .  - 
x16 = x14 
y16 - y15 or y17 , whichever is greater 
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17. FZare line.- Center re ference  f o r  t h i s  element is: 
x17 = -A$ 
1;lW 
y17 = - - -  l o  10 8 , l i m i t - ?  1 
h, 
18. Reference aztitu.de Zinc.- A l i n e  p a i r  i d e n t i c a l  t o  t h a t  defined i n  
i t e m  15 i s  posit ioned a t :  
x18 = x4 
Y l e  = - - (HREF - hp) - 8 15 
HlJD55B 
I n  t h e  absence of i n e r t i a l l y  determined hor-zontal components of ve loc i ty ,  
a revised log ic  f o r  t h e  pos i t ion ing  of t h e  f l i g h t p a t h  symbol is used. 
following d e f i n i t i o n s  represent  t he  only d i f f e rences  between HUD55A and 
HUD55B 
The 
Lateral positioning of fZightpath symbo2.- Referring t o  i t e m  4 of t h e  
previous sec t ion ,  t he  parameter is subs t i t u t ed  f o r  JIT and is  defined 
as : 
+ K 3 ~ 8  t a n  $I + K 4 T 8 .J(',": 1) 
The d e f i n i t i o n  of PS and t h e  va lue  of f8 are r e l a t e d  t o  t h e  naviga t iona l  
mode being flown. 
o r  i f  t (time i n  seconds a f t e r  middle marker passage) i s  g rea t e r  than 30 
I n  t h e  absence of a l o c a l i z e r  s igna l ,  o r  i f  lelocl 2 2.5O, 
PS = $ 
T8 = 5 
I f  lelocl < 2.5" 
S PS = $R + K5 el - o c s + 1  
VertieaZ positioning of fZightpath symbo2.- Again r e f e r r i n g  t o  i t e m  4 ,  
y l  i s  subs t i t u t ed  f o r  yc and is defined as 
1 2  
hC 
1.69(TAS - 12) ,yA = sin-' 
"De-clutter" Logic 
A number of t he  symbol elements disappear from t h e  d isp lay  i n  c e r t a i n  
s i t u a t i o n s  t o  avoid unnecessary o r  ambiguous ind ica t ions .  Also, the p i l o t  has 
t h e  option a t  any time t o  select between t h e  f u l l  d i sp lay  and a much simpli- 
f i e d  version s u i t a b l e  only f o r  t h e  v i s u a l  segment of t h e  approach. 
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Figure 1.- HUD55A i n  simulated approach. 
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5.1 -DME 
7 AIRCRAFT REFERENCE 
0 - MARKER ANNUNCIATION 
"a LIMIT" 





AIR SPEED ACCELERATION 
X2 SCALE 
Figure 4 . -  Fl ightpa th  symbol array. 
HEADING-TRACK DIFFERENCE DUE TO: 
1. SIDESLIP 
2, CROSS WIND 
3. RESULTANT OF ANGLE-OF-ATTACK 
AND ROLL ANGLE 
Figure 5.- Fl ightpa th  array with attitude references, 
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LOCALIZER ERROR 
Figure 6 . -  ILS l o c a l i z e r  symbol, ind ica t ing  l e f t  of 090" course. 
070 080 





Figure 7.- Local izer  guidance a t  approach t o  course. 
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Figure 10.- Below and r i g h t  of f l i gh tpa th .  
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Figure 12.- On path,  1000 f t  from threshold.  
- 
080 090 
I I I 
I 
d 35 - 'A - 570 
Ah = 120 ft I 
TARGET ALTITUDE 
= 450 ft 
Figure 13.- Descending t o  t a r g e t  a l t i t u d e .  
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080 090 100 
I I I I I 
Figure 15,- In the landing f lare .  
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Figure 16.- Level f l i g h t  on ILS i n t e r c e p t  heading, 
Figure 17.- Turning t o  ILS l o c a l i z e r  course. 
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Figure 18.- Near completion of l o c a l i z e r  capture.  
Figure 19.- I n i t i a t i n g  pushover a t  glide-slope capture. 
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Figure 20.- On l o c a l i z e r ,  on g l i d e  slope.  
Figure 21.- Runway i n  s igh t ,  one-half m i l e  v i s i b i l i t y .  
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Figure 22.- Ground-proximity symbol r i s ing .  
Figure 23.- Tracking ground-proximity symbol t o  e f f e c t  f l a r e .  
26 
Figure 24.- Descending to MDA in a localizer-only nonprecision 
approach; target-altitude symbol rising, 
Figure 25.- Holding at MDA by tracking target-altitude symbol. 
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Figure 26.- Nearing 3" path to runway. 
Figure 27.- Tracking intended touchdown area, 
28 
Figure 28.- Completing nonprecision approach., 
Figure 29 - "Decluttered" display.  
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Figure 30.- Climb-out. 
Figure 31.-  Approach in 700 f t  visual  range. 
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Figure 32.- On course i n  25-knot crosswind. 
Figure 33.- O n  course i n  s t rong  l e f t  crosswind; runway i n  sight. 
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* 
Figure 3 4 . -  Frame-fixed elements. 
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Figure 3 7 . -  P i t c h  scales. 
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PARALLEL 
Figure 38.- Runway-related symbols. 
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Figure 39.- Guidance elements. 
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